The Second Strategic Highway Research Program
America's highway system is critical to meeting the mobility and economic needs of local communities, regions, and the nation. Developments in research and technology-such as advanced materials, communications technology, new data collection technologies, and human factors science-offer a new opportunity to improve the safety and reliability of this important national resource. Breakthrough resolution of significant transportation problems, however, requires concentrated resources over a short time frame. Reflecting this need, the second Strategic Highway Research Program (SHRP 2) has an intense, large-scale focus, integrates multiple fields of research and technology, and is fundamentally different from the broad, missionoriented, discipline-based research programs that have been the mainstay of the highway research industry for half a century.
The need for SHRP 2 was identified in TRB Special Report 260: Strategic Highway Research: Saving Lives, Reducing Congestion, Improving Quality of Life, published in 2001 and based on a study sponsored by Congress through the Transportation Equity Act for the 21st Century (TEA-21). SHRP 2, modeled after the first Strategic Highway Research Program, is a focused, timeconstrained, management-driven program designed to complement existing highway research programs. SHRP 2 focuses on applied research in four areas: Safety, to prevent or reduce the severity of highway crashes by understanding driver behavior; Renewal, to address the aging infrastructure through rapid design and construction methods that cause minimal disruptions and produce lasting facilities; Reliability, to reduce congestion through incident reduction, management, response, and mitigation; and Capacity, to integrate mobility, economic, environmental, and community needs in the planning and designing of new transportation capacity.
SHRP 2 was authorized in August 2005 as part of the Safe, Accountable, Flexible, Efficient Transportation Equity Act: A Legacy for Users (SAFETEA-LU). The program is managed by the Transportation Research Board (TRB) on behalf of the National Research Council (NRC). SHRP 2 is conducted under a memorandum of understanding among the American Association of State Highway and Transportation Officials (AASHTO), the Federal Highway Administration (FHWA), and the National Academy of Sciences, parent organization of TRB and NRC. The program provides for competitive, merit-based selection of research contractors; independent research project oversight; and dissemination of research results.
The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distinguished scholars engaged in scientific and engineering research, dedicated to the furtherance of science and technology and to their use for the general welfare. On the authority of the charter granted to it by the Congress in 1863, the Academy has a mandate that requires it to advise the federal government on scientific and technical matters. Dr. Ralph J. Cicerone is president of the National Academy of Sciences.
The National Academy of Engineering was established in 1964, under the charter of the National Academy of Sciences, as a parallel organization of outstanding engineers. It is autonomous in its administration and in the selection of its members, sharing with the National Academy of Sciences the responsibility for advising the federal government. The National Academy of Engineering also sponsors engineering programs aimed at meeting national needs, encourages education and research, and recognizes the superior achievements of engineers. Dr. Charles M. Vest is president of the National Academy of Engineering.
The Institute of Medicine was established in 1970 by the National Academy of Sciences to secure the services of eminent members of appropriate professions in the examination of policy matters pertaining to the health of the public. The Institute acts under the responsibility given to the National Academy of Sciences by its congressional charter to be an adviser to the federal government and, on its own initiative, to identify issues of medical care, research, and education. Dr. Harvey V. Fineberg is president of the Institute of Medicine.
The National Research Council was organized by the National Academy of Sciences in 1916 to associate the broad community of science and technology with the Academy's purposes of furthering knowledge and advising the federal government. Functioning in accordance with general policies determined by the Academy, the Council has become the principal operating agency of both the National Academy of Sciences and the National Academy of Engineering in providing services to the government, the public, and the scientific and engineering communities. The Council is administered jointly by both the Academies and the Institute of Medicine. Dr. Ralph J. Cicerone and Dr. Charles M. Vest are chair and vice chair, respectively, of the National Research Council.
The Transportation Research Board is one of six major divisions of the National Research Council. The mission of the Transportation Research Board is to provide leadership in transportation innovation and progress through research and information exchange, conducted within a setting that is objective, interdisciplinary, and multimodal. The Board's varied activities annually engage about 7,000 engineers, scientists, and other transportation researchers and practitioners from the public and private sectors and academia, all of whom contribute their expertise in the public interest. The program is supported by state transportation departments, federal agencies including the component administrations of the U.S. Department of Transportation, and other organizations and individuals interested in the development of transportation. www.TRB.org
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This report describes the study design for the SHRP 2 Naturalistic Driving Study (NDS). Using a sophisticated recording package installed in vehicles, it will collect information on the day-to-day driving of about 3,100 volunteer drivers for up to 2 years. Participants will be recruited in six sites throughout the United States. In this report, potential users of the SHRP 2 NDS data or its findings will find information about the participant recruitment plan, informed consent and data protection procedures, driver assessment tests, the capabilities of the data acquisition system (DAS), quality control, and project management.
The objective of the SHRP 2 NDS is to reduce traffic injuries and fatalities by finding ways to prevent collisions and reduce their severity. Every 1% reduction in crashes will prevent 330 deaths and about $2 billion annually in medical expenses and other losses from these crashes. Moreover, crashes are a leading cause of nonrecurring congestion. Collision prevention has added benefits in terms of reduced delay, fuel consumption, and emissions. The focus of the NDS is to provide objective information on the role of driver behavior and performance in traffic collisions and the interrelationship of the driver with vehicle, roadway, and environmental factors.
Planning activities began with an enumeration of high-priority safety research questions. More than 400 candidate research questions were obtained from various committee and other outreach activities. The high-priority safety topics identified include road departure and intersection collisions. Data requirements to address the research questions drove the specification of the DAS capabilities. The final DAS, designed to maximize the utility of the data within budget and technical constraints, records continuously whenever the vehicle is running.
Participants will be recruited through a national call center and traditional solicitation activities, including print media, message boards, and posters at each NDS site. Six site contractors have been selected to obtain the consent of participants and install the DAS. Data recorded by the DAS will be retrieved every 4 to 6 months and uploaded to the NDS data storage facility at Virginia Tech. Roadway characteristics are also being measured in the NDS sites. GPS locations recorded by the DAS will be used to link roadway data with the information collected on the vehicle. In subsequent projects, analysts will access the data to address the high-priority safety questions. (Study Design) was to design the SHRP 2 NDS, which will collect data-on the order of 1 petabyte (1,000 terabytes)-on "naturalistic," or real-world, driving behavior over a 2-year period beginning in fall 2010.
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During the SHRP 2 NDS, contracts will be awarded for data collection at six sites chosen from among 11 prequalified sites. These sites were selected in an attempt to provide as nationally diverse a source of data as possible, with a fairly wide range of geography, weather, state laws, road types, and road usage. The field study data collection contractors (S07) at each site will be responsible for implementing the plan devised in the planning project for each of the following: installing and uninstalling the data acquisition system (DAS) units; participant assessment; data collection; addressing participant management problems encountered during the study; investigating crashes and data transmission; carrying out quality control procedures; and preparing periodic reports documenting the field study activities. The S06 contractor-the Virginia Tech Transportation Institute (VTTI)-will serve in the oversight and integration role for all activities that will be conducted under procedures defined by the study design (S05) contractor.
Participant recruitment and screening for all sites will be conducted by a single national call center. The study design seeks to control the distribution of drivers in the study by age and gender according to the experimental design. To provide a more representative group of participants, the call center will first seek to recruit individuals who have been randomly selected from listed samples of households and cell phones located in the vicinity of the study sites. As recruitment activities progress, they may have to be targeted towards age/gender cells that prove more difficult to fill. Finally, traditional recruitment activities (such as advertisements and flyers using prepared recruitment materials provided by VTTI) may also be conducted by the S07 site contractors, as needed.
Individuals who volunteer to participate will be compensated as follows: The data collection system will be installed in their personal vehicle for either 1 or 2 years. Compensation for 1 year of study participation will total a maximum of $300. For 2-year participants, the compensation will total a maximum of $600. If a participant withdraws from the study for any reason prior to the scheduled end date, compensation will be prorated at a rate of $25 per month of study participation.
Executive Summary
In addition to the primary volunteers, it is expected that family members or others may also regularly drive study vehicles. Such individuals are considered secondary drivers. These secondary drivers will also be asked to provide informed consent so that data collected while they are driving may be analyzed as appropriate. No additional compensation will be provided to or for any secondary driver.
Individuals who drive the vehicle less frequently or who remain unconsented for whatever reason will not be a part of the study, and any personally identifiable data collected (such as facial images and Global Positioning System [GPS] coordinates) while such individuals are driving will not be used. All human subject protocols are subject to review by the appropriate institutional review boards (IRBs).
The SHRP 2 NDS will track approximately 1,950 DAS units on vehicles for 2 years, for a total of 3,900 data years. The DAS is designed to be easily mounted on a wide range of vehicles, including passenger cars, vans, sport utility vehicles (SUVs), and pickup trucks, but not all makes and models in these categories will be eligible for inclusion in the study. Some DAS units will be installed and maintained for 2 full years while others will be removed at the end of the 1st year, after which new participants will be recruited for the 2nd study year. Recruiting new drivers after the 1st year increases the number of primary drivers in the study to 3,102.
The DAS comprises several key components. The head unit assembly, mounted to the right of a participant's rearview mirror, will feature three video cameras to capture moving images of the driver's face, the forward roadway, and a dashboard and center-stack view. In addition, another camera housed in the head unit will periodically capture a still image of the cabin. This still image will be used to determine the presence of passengers, and it will be irretrievably blurred to protect the anonymity of unconsented passengers. A fifth video camera will be mounted in the rear deck to capture the rear and right-side views. Additionally, an alcohol sensor, an incident button, an illuminance sensor, and inertial acceleration and gyroscopic sensors will be incorporated into the head unit assembly.
The main unit houses the processing, recording, and communication functions of the system that will be active during any vehicle operation. The main unit features the ability to transfer limited data quantities via cellular interface and features other standard communication interfaces such as a controller area network (CAN) and universal serial bus (USB). Vehicle network information available from the CAN will include the activation status of variables, such as the antilock brake system (ABS), electronic stability control (ESC), brake assist, and traction control. Lastly, a radar unit will be mounted to the front of the vehicle. Radar data will be transmitted via Bluetooth technology to the main unit to minimize installation time and costs. The radar will capture data concerning the relative position and speed of nearby objects, such as lead vehicles.
In addition to the continuous data gathered on the vehicles, functional assessments will be conducted for all primary participants along dimensions related to cognitive, visual-cognitive, perceptual, physical, psychological predilection, and overall health. Crash investigation will also be performed on selected significant crashes of interest (e.g., police-reported or reportable crashes). Data from any or all sources may include highly personal or sensitive data (e.g., health information or crash records). As such, data security will be strictly maintained throughout the process. This includes fulfilling all IRB practices during data collection as well as during all subsequent analyses for the life of the data set.
A suite of quality assurance, quality control, and project management activities will be applied throughout the study to ensure that the highest-quality data are collected within budget and schedule constraints.
As previously summarized, the S05 study design project has developed a complete study plan for the SHRP 2 NDS. The resulting data, expected to exceed 1 petabyte in size-about the size of a million 1-gigabyte USB flash drives-will provide a wealth of information regarding driving behavior, lane departures, and intersection activities, which is anticipated to be of interest to transportation safety researchers and others for at least 20 years. It is important to note that all privacy protections promised regarding participants and their data are to be afforded in perpetuity. All future research efforts that seek to use the data collected in the SHRP 2 NDS will require IRB approval. In addition, researchers must establish a data-sharing agreement that guarantees privacy at least to the extent specified in the Informed Consent document. SHRP 2 anticipates the release of multiple projects under Safety Project S08, Analysis of In-Vehicle Field Study Data and Countermeasure Implications. The objective of S08 is to quantify the contribution of relevant driver, roadway, vehicle, and environmental factors to the research questions selected and assess the countermeasure implications of the findings. The knowledge gleaned from the SHRP 2 analyses, as well as the many additional analyses anticipated to be performed by other researchers, will support public policy, rulemaking, infrastructure improvements, and other-as yet unknown-activities targeted at reducing the fatalities on our nation's roadways.
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The second Strategic Highway Research Program (SHRP 2) is administered by the Transportation Research Board (TRB) of the National Academies and has the goal of addressing the challenges of moving people and goods efficiently and safely on the nation's highways. There are four areas of emphasis associated with SHRP 2: Safety, Reliability, Renewal, and Capacity. Each of these areas in turn encompasses several research projects. The SHRP 2 Safety research program evaluates the role of driving behavior in traffic safety. While driving behavior has largely been acknowledged as a primary factor in most collisions, the complex interrelationship of driver performance with factors such as roadway design, environmental conditions, and vehicle features-and how those factors influence the risk of collisions and casualties-remains largely unknown. Crash reports and investigations can capture only limited information on driver activities before the collision and cannot provide comparable information on driving activities in noncollision situations. By using innovative research methods combined with advanced technologies, SHRP 2 sees opportunities to improve traffic safety via the research project described below. Specific goals of the SHRP 2 Safety program include the following:
• Understanding how drivers interact with and adapt to various factors such as ⅙ The vehicle; ⅙ Traffic and traffic control devices; ⅙ The environment; and ⅙ Roadway characteristics.
• Assessing the changes in collision risk associated with each of these factors and their interactions.
In response to the TRB SHRP 2 solicitation S05: Design of the In-Vehicle Driving Behavior and Crash Risk Study (Study Design), the Virginia Tech Transportation Institute (VTTI) joined with the University of Michigan Transportation Research Institute (UMTRI) and Battelle Memorial Institute (Battelle) to lay the foundation for the most significant program of highway safety research in more than 30 years. The successful completion of this research effort will produce an unprecedented database of near-crash, precrash, crash, driving behavior, driving performance, roadway information, and vehicle kinematics data that will allow substantial progress to be made in both the crash-causation and crashcountermeasure domains. By working to improve highway safety through a more comprehensive understanding of driving behavior, the SHRP 2 Safety analysis projects, which will be conducted as a series of studies under Safety Project S08, will advance the directives of the Safe, Accountable, Flexible, Efficient Transportation Equity Act: A Legacy for Users (SAFETEA-LU) legislation passed by Congress in 2005 and of the SHRP 2 Safety plan.
This research agenda comes at a critical time in the history of our nation's surface transportation safety. The project is part of an effort to make driving safer in the United States. Vehicular crashes, because they do not discriminate by age, constitute a leading killer in terms of years of lost life. For example, newly licensed teen drivers are three times more likely to be involved in a fatal crash than their older counterparts. They are also more likely to die in a car crash than from all other sources of disease and accidental injury combined. This project's research is an ambitious undertaking. The required data collection, archiving, reduction, and analysis efforts are of far greater magnitude and scope than any driving safety-related studies that have been attempted or accomplished to date anywhere in the world. In fact, advances in sensors, computing, data storage, video compression, and data-mining technology have only recently made this project feasible. In addition, the analytical methodologies, hierarchies and models, and the generation of hypotheses to be tested will need to be taken to a new level of quality and utility. Since achieving a successful outcome is a difficult C H A P T E R 1 Introduction 5 task, the design of the project is a critical element to the success of the SHRP 2 NDS.
This final report provides a high-level summary of the key areas of the planning study that will be used in supporting the NDS, which includes Safety Project S06 (Technical Coordination and Independent Quality Assurance for Field Study), Safety Project S07 (In-Vehicle Driving Behavior Field Study), and Safety Project S04 (Roadway Data Collection). Figure 1 .1 illustrates the general relationships among the SHRP 2 Safety projects as well as their approximate time frames. In brief, the planning accomplished in S05 Study Design supports the procurement of NDS data collection hardware (S12) as well as the NDS data collection activities to be accomplished in S06 and S07. Similarly, the evaluations performed in Safety Project S03 support the collection of the roadway data in the S04 projects. The analysis projects to be released in Safety Project S08 will be guided by the development of analysis methods and plans in Safety Projects S01 and S02. Finally, all data collected in the S04, S06, and S07 efforts will be integrated for S08 analysis projects, as well as for other analyses going forward.
Safety Project S06 is intended to provide technical coordination and independent quality assurance for the in-vehicle driving behavior field studies (S07) and technical coordination with the roadway data collection projects (S04A and S04B). This implementation project, as designed in Safety Project S05, includes the following:
• Coordinating the recruitment and protection of human subjects;
• Managing the data acquisition system (DAS) procurement, testing, and warranties; • Integrating data collection systems;
• Providing support to the S07 site contractors;
• Controlling quality aspects and managing oversight activities; and • Managing and reporting all aspects related to the study. Safety Project S07 is tasked with conducting the in-vehicle driving behavior field study that will be performed at six locations throughout the continental United States. The key responsibilities include the following:
• Participant intake, including consenting, assessing, and initiating participant compensation; • Installing DAS units on participant vehicles; • Retrieving hard drives on which the data have been collected and uploading the data to the S07 staging computer (which will automatically transmit the data to the S06 servers); • Deinstalling DAS units when participants exit the study; and • Troubleshooting problems encountered, with the assistance of the S06 contractor.
Safety Project S04 relates to the large field study of driver behavior and will provide and manage road information to be used in safety analysis. It has two parts: A and B. Safety Project S04A represents the effort to provide quality assurance and quality control for the S04B Safety Project. Safety Project S04A will acquire existing roadway data, provide technical coordination for collection of roadway data under Safety Project S04B, and produce the SHRP 2 Roadway Information Database. Safety Project S04B is focused on collecting roadway characteristic data on selected roads within the in-vehicle driving behavior field study areas. This work will be facilitated by the technical coordination contract under S06 to help the S04 contractor(s) determine the most salient roadways to cover in each study area. Ultimately, this will lead to the production of a roadway database in a geographic information system (GIS) linked via an appropriate linear reference system, and merged with existing roadway data from other sources. The study will incorporate variables using a roadway measurement system qualified in the SHRP 2 Roadway Measurement System.
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The study design elements have been defined from a variety of perspectives to try to make certain that there is sufficient statistical power to detect statistically significant effects in as many cases as possible. In this way, the data produced by the study will be able to answer as many of a comprehensive set of categorized research questions as feasible, while staying within the bounds of known project constraints such as funding and time. These constraints serve to limit the project in several ways, such as the duration of the data collection and the number of data collection sites that can be established and managed.
The set of research questions has guided decision-making processes throughout the design of the SHRP 2 NDS. Additionally, sampling statisticians and other experts were consulted in the development of the sample design and contractor site-selection process. Each of these elements, together with the process for participant recruitment, is discussed below.
Specific Research Questions
On the basis of numerous source documents, including The 100-Car Naturalistic Driving Study, Phase II (Dingus et al. 2006) , the Tri-Level Study of the Causes of Traffic Accidents Final Report (Treat et al. 1979) , and Pre-Crash Scenario Typology for Crash Avoidance Research (Najm et al. 2007) , as well as expertise from researchers in the transportation safety field, 392 research questions were identified for consideration in the NDS design. These questions address different types of crashes and other non-crash-specific safety areas of interest. They also provided the basis for making a variety of decisions regarding the number and types of DASs used to collect data during the study, the types and priority of additional sensors and DAS capabilities, and the sampling and analysis trade-offs.
The questions were subcategorized into the following perspectives (the list also includes examples of study design decisions intended to address the questions, as applicable):
• Traffic-, roadway-, and environment-based questions.
Roadway data will be collected in the Roadway Data Collection effort (S04). Front-mounted radar combined with the images from several synched video cameras will provide traffic information. Environment-based questions can be addressed in several ways. Information will be available about time of day, ambient illuminance levels, windshield wiper status, and, for select crashes, the relevant details of the crash site will be documented by a trained crash site investigator.
• Vehicle-based questions. Vehicle details, including make, model, and year, as well as all onboard safety features, will be documented for each vehicle in the study.
• Driver-or driver-error-based questions. Each primary driver in the study will be characterized in terms of his or her demographic details. In addition, each primary driver will undergo a fairly extensive suite of assessments designed to characterize him or her along various driving-relevant dimensions of ability (e.g., visual perception). In addition, continuous video will be collected from four cameras. These can be reviewed for any event of interest to address errorbased questions.
• Passenger-based questions. A fifth camera will be aimed to capture an irrevocably blurred still image of the cabin every 10 minutes. This is done to capture basic information on the number of passengers as well as an approximation of their ages and genders for each trip.
• Infotainment-system-based and nomadic-device-based questions. Information on Infotainment system status will be available from the controller area network (CAN) bus for some of the vehicle fleet. Nomadic device (e.g., handheld technology, such as a cell phone) usage can be determined using appropriate sampling schemes, though hands-free usage will be more difficult to reliably detect.
• Aggressive-driving-based questions. Aggressive driving patterns can be seen in the exceedance of preset (but adjustable) levels of various sensors or combinations thereof
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Study Design 8 as expressed in pretested algorithms (e.g., longitudinal deceleration < −0.5 g and forward time-to-collision < 3.0 s).
• Vision-, attention-, and distraction-based questions.
Continuous video of the participant's face permits the scoring of glance direction and duration which can be analyzed to address these areas of relevance. This can be accomplished via manual frame-by-frame video data reduction, but machine-vision-based techniques are being developed at VTTI to enable some of the glance-related scoring to be performed in an automated fashion.
• Speed-and speeding-based questions. A set of redundant sensors provides continuous vehicle speed information. In addition, onboard Global Positioning System (GPS) sensor data can be combined with GIS-based information on speed limits to permit researchers to look at speedingrelated behaviors (e.g., actual speed relative to the posted speed limit) and safety-related events.
• Crash-countermeasure-based questions. Crash countermeasures can be evaluated by examining actual crash-related events and superimposing different countermeasure algorithms to evaluate their relative effectiveness. Similarly, these same algorithms can be applied to non-event baseline epochs to determine their relative propensity for creating false alarms.
• Passing-maneuver-based questions. Passing maneuvers can be detected in the data stream (i.e., via the yaw sensor) and differentiated from swerves on the basis of turn signal status and visual validation of the passing maneuver.
• Multifactor/Multivariate questions. All of the above types of questions (and many more not listed) can be looked at in any combination desired by a researcher. For instance, a researcher may be interested in looking at a speeding-related countermeasure to evaluate whether it may have been possible to prevent any speeding-related crash events observed.
The research questions were grouped by the SHRP 2 Safety Project S02 contractor into the following high-level categories:
• How does driver distraction influence crash likelihood? The list of research questions will continue to expand as the full implications of the data are analyzed and understood. Experience with other naturalistic studies, and the expectation for the SHRP 2 NDS, suggests that the data will be useful for addressing many questions for years after the data are collected. The specific research questions are discussed in greater detail in Appendix A of the S02 Phase 1 report (Boyle et al. forthcoming) .
Sample Design Plan
There are two broad aspects to the NDS sample design:
(1) contractor-site selection and (2) participant-vehicle sample design. The first refers to the process of determining the number and location of the data-gathering sites and the contractors who will manage each; the second refers to the methods and factors used to recruit and select participants. These two aspects ultimately work toward the definition of a unified plan that specifies the quantity and characteristics of participants to be recruited at and across all site locations.
From the standpoint of robust experimental design, it is desirable to ensure that there is good representation in the participant sample of the basic driver-vehicle variables of relevance and interest. In this study, the primary variables of interest are age, gender, and vehicle type.
It has been well documented that age is a strong indicator of driving risk, with the youngest and oldest drivers having an elevated crash rate per mile driven compared with other age groups. Exposure details were carefully considered in an effort to understand the implications of driver age and gender in terms of crash rates per mile and per numbers of licensed drivers. Since the target data collection budget was already established, the following are some of the major trade-offs that were considered:
• Representative versus risk-prone sample. Do we strive for a more representative sample, which enhances generalizability of the data, or do we strive for a sample we believe to be more crash-prone (i.e., one emphasizing the extremes of the age range) to observe more safety-related incidents of interest? • Overall costs of participant pay versus the ability to enhance participant attraction and retention via meaningful compensation amounts. It is reasonable to expect that the greater the compensation, the greater the recruitment uptake and retention rates would be. However, this is constrained by the project funding available for this purpose. It was ultimately determined that participants would be compensated by the nominal amount of $25 per month of participation.
• Total number of sites versus number of DAS units managed per site. It was ultimately determined that the maximum number of DAS units that could be supported was 1,950. Then, the issue becomes how many data collection sites must be established to manage those DAS units. If too many sites are established, then the costs would be prohibitive. If too few sites are established, then each may be asked to manage more DAS units than resources at a particular site may allow.
• Explicitly including stratification variables in the experimental design versus the difficulty of filling each cell. The more variables formally included in the experimental design, the greater the risk of ending up with experimental cells with too few participants-or perhaps none at all. However, if factors of interest are not formally included, then the actual sample may not include sufficient numbers for analysis, and they are likely to be unevenly spread across the other factors of interest.
• Total number of primary participants versus months of data collection per participant. It is desirable to have as many participants as possible in the study, yet recruitment is expensive, and it is costly to move a DAS from one vehicle to another.
• Total cost of data collection versus cost per data-year.
Just as it is desirable to have as many participants in the study as possible, so too is it desirable to have as many years of data or data-years as possible (i.e., where a data-year is equivalent to the amount of data generated by a single participant over the course of a single year). Of course, there is a substantial cost for each study year. However, the cost per data-year tends to diminish as the study period is extended, thus making the study simultaneously more expensive yet more cost-efficient.
• Site recruitment size versus a contractor's ability to manage the square mileage. The larger the size of a site's recruitment area, the greater the probability of finding a sufficient number of participants. However, if a site is too spread out geographically, then not only will this cause the contractor difficulty in managing all the DAS and participant issues, but it will also make it more difficult for those participants at the most distant points from the installation site.
Passenger cars and light trucks will be the focus of this study because these types of vehicles accounted for almost 95% of all vehicles on the road in 2007, as reported by Ward's Automotive Group (2010) , and 94% of all motor vehicle crashes, as reported by the National Highway Traffic Safety Administration (2007) . Vehicles that will be instrumented for the SHRP 2 NDS include the following: passenger cars (sedans, coupes, hatchbacks, and station wagons), pickup trucks, sport utility vehicles (SUVs; including crossover vehicles), and minivans. It is expected that only vehicle model-years later than 2002 will be targeted for recruitment to help ensure that only mechanically sound vehicles with access to vehicle network data, such as speed and accelerator position, will be included in the sample. The goal is for the DAS to support installation in about half of the light-vehicle population on the road.
On the basis of U.S. light-vehicle sales from model years 2000-2007, a list of the top 50 most popular vehicles were identified for possible inclusion in the study. These top sellers are represented by the members of either the Alliance of Automobile Manufacturers (AAM) or the Association of International Automobile Manufacturers (AIAM); these organizations represent a cumulative total of 89% of all U.S. light-vehicle sales for the selected time period. Relationships are being pursued with original equipment manufacturers (OEMs) belonging to AAM and/or AIAM with the objective of having CAN Parameter IDs (PIDs) available to obtain and interpret additional data from the onboard vehicle network for high-volume models; the types of data of interest include speed, wiper usage, brake actuation, accelerator position, and turn signal usage, as well as steering data. Within the advanced technology group of participants, additional data will be collected regarding the usage of in-vehicle communication systems and advanced infotainment systems. Additionally, information about driver monitoring, feedback, and collision warning systems will be available from some participating manufacturers.
Using the research questions to guide the process, the research team conducted an analysis to estimate the statistical power afforded by the experimental design to detect a statistically significant effect associated with the various age and gender groupings. The analysis generally indicated that the study was sufficiently powered to address the age by gender questions. This analysis was conducted on a single variable, speed variability, where previous data could be used to estimate that variable's mean and standard deviation (both required for power estimation). Since its standard deviation was fairly high relative to its mean, this variable represents a relatively conservative estimate of the statistical power that can be expected with various analyses. Still, it must be recognized that the power associated with each analysis will be dependent upon the particular means and standard deviations of the measures used and the actual magnitude of the differences observed.
The experimental design shown in Table 2 .1 is based on the preceding investigations, and revisions were made throughout the course of the S05 study design project. Note that there are more data years than participants because some participants will participate for the full two years of data collection instead of just one. Also note that the sample design emphasizes the extremes of the age spectrum more than the middle-aged groups, as the extremes are where the age-related problems tend to manifest.
Data Collection Sites
The objective in selecting the suite of sites for the SHRP 2 NDS was to represent to the extent feasible the wide range of driving and geographic conditions and other relevant characteristics found across the United States. Of course, the sites could not be selected independent of the site contractors: for each site selected, there had to be a suitably experienced contractor who responded to the Request for Proposals (RFP) and proposed to manage a site in a particular location. The site contractors must be technically qualified for all aspects of the study as well as have (or be able to secure) the necessary facilities to carry out the data collection plan. Note that each site selected could only represent some portion of the total environmental diversity (i.e., in terms of geographic location, predominant terrain, land use, or weather patterns, to name a few key factors). It is important for the NDS to have a broad range of environmental conditions represented to understand these factors in combination with other driver, vehicle, and roadway factors.
Potential contractors responded to two rounds of Request for Qualifications (RFQ) that addressed the qualifications of the site contractor, the characteristics of the proposed site, and the availability and quality of existing state or other local data (e.g., driver licensing, roadway inventories, driver history, and crash data). Of those respondents, 11 contractors were identified as potential SHRP 2 NDS study sites. Nine of these prequalified contractors responded to an RFP issued in March 2009. Proposals specified the details regarding how proposers would go about managing one or more data collection sites and how the sites would contribute to the collective balance of the entire suite of sites in terms of the key factors such as geography, weather, state law, road types, and land usage (e.g., urban versus rural). Proposals were evaluated on the basis of defined contractor qualifications, including human participant research experience; well-trained, permanent, full-time technical staff; and sufficient and suitable office, assessment, and garage space. To handle a project of this magnitude, in which a typical site will be managing up to three times as many primary participant-vehicles as the entire 100-Car Study (Dingus et al. 2006) , requires substantial experience in working with participants and managing unanticipated circumstances. Site contractors were selected on the basis of their individual merits, as well as the collective representation they bring to the group of selected S07 sites. Figure 2 .1 shows the six sites chosen to serve as the SHRP 2 NDS data collection sites. The sites are also listed below, along with the contractors who will manage each site. 
Participant Management
This study will require the participation of more than 3,000 volunteers in total, spread across the study's six data collection sites. Managing these participants from recruitment through the end of their participation will require several key activities as described below.
Participant Recruitment
Previous naturalistic driving studies have typically recruited volunteers through so-called traditional means, including media advertisements and posted flyers. However, a probability-based sampling approach can provide a less biased, more representative sample from which generalizations can more accurately be drawn. To begin to address the questions of cost, efficiency, and measures of scope associated with a probability-based sampling approach for a study of this size, a pilot study was conducted by Battelle Memorial Institute to identify and assess potential challenges related to effectiveness, key differences, and relative costs of using phone recruiting.
Recruitment Pilot Test
A work plan was developed and thoroughly tested and validated by staff at Battelle with the objective of testing several major aspects of the participant recruiting and screening process. The key objectives were as follows:
1. Determine the extent to which a random selection approach can be used and how this approach compares with more traditional approaches; 2. Determine the incentives that will be required to get people to participate; and 3. Assess the participant-screening forms and participantassessment protocols.
From the outcomes of this pilot study, it is expected that an approach that combines both the call-out and traditional recruiting methods will provide a reasonable balance of ran- domized selection with efficient and reliable methods for obtaining the participants needed in the SHRP 2 NDS within the narrow time frame allotted.
A decision was made to use a centralized call center to conduct phone-based recruiting of volunteers to participate in the NDS. Current expectations are that, initially, the phone-based recruiting approach will be used exclusively. It may then need to be supplemented with more traditional recruiting methods centered around each site (e.g., newspaper ads and flyers placed on vehicles) to target the harder-to-fill cells in the experimental design. For consistency, the call center will also field incoming inquiries generated by the traditional recruiting ads. By centralizing as much of the recruitment process as is practical, the recruitment process can be kept much more consistent across sites, and substantial unnecessary duplication of activities across sites (such as development of recruiting protocols, materials, and data entry software) can be avoided.
Consent and Privacy
It is important for the informed consent process, and the privacy it guarantees to participants and their data, to be addressed in close coordination with nearly all of the other S05 tasks and across the S07 sites. To this end, none of the participants' directly identifying information (e.g., name, address, social security number) will ever be associated with any of their data for any level of analysis. However, some participant data may inherently incorporate identifying elements (e.g., face video, voice recordings, some questionnaire responses, vehicle inventory, crash time and location, and some GPS information). To maintain participant privacy in light of such factors, each research project that proposes to use the SHRP 2 NDS data set must adhere to data access procedures, including attaining IRB approval, that will be developed as appropriate. Then, only the level of data required for the specified analyses will be made available.
The main drivers of study vehicles are targeted as primary participants in the study. Up to three other individuals per primary participant, typically a participant's family members-who can be expected to also regularly drive the study vehicle-are considered secondary drivers. Study personnel will attempt to get informed consent from up to three of these secondary drivers and ask them to complete select questionnaires. However, for secondary drivers who opt out or for others who may drive the vehicle less frequently, their data that include inherently identifying information (such as facial images and GPS coordinates) will be de-identified. Efforts related to the protection of human subjects will be discussed in greater detail in Chapter 5. All human subject protocols are subject to review by the appropriate IRBs.
Participant Compensation
Primary drivers who volunteer to participate will be compensated for their participation in the SHRP 2 NDS. The data collection system will be installed in participants' personal vehicles for either 1 or 2 years. Compensation for one year of study participation will total $300, maximum; for two years of study participation, the compensation will total $600, maximum. If a participant withdraws from the study prior to the scheduled time, compensation for that participant will be prorated at a rate of $25 per month of participation at the time of exit. No compensation will be provided to secondary (or other) drivers of the study vehicle, whether consented or not.
Driver Demographics and Vehicle Inventory
Basic demographic data will be gathered from each primary driver. The list currently includes the following: In addition, the instrumented vehicle will be inventoried to record its basic facts as well as additional options and features. This inventory will include at least the following: 
Driver Assessment
In a study such as this, it is desirable to measure certain drivingrelated functional capabilities and limitations of the participants. These, singly or combined in some fashion, may help to explain some of the variability in the driving or crash-related data observed. If so, such factors may lead to the development of countermeasures targeting such individual differences or impairments.
As part of the development of the driver testing suite, a review of the relevant literature was conducted to help devise the assessment plan. In addition, a blue-ribbon panel of experts thoroughly reviewed all aspects of the plan and provided invaluable, iterative feedback. All of their concerns were addressed in some fashion, and all members of the panel ultimately indicated their approval of the plan that is presented herein.
On the basis of the exercise described, an approach was defined wherein each participant will be assessed on several dimensions thought to be relevant to driving and potentially predictive of some portion of driving behaviors, problems, or crash-related events (e.g., crashes and near crashes). A
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Data to Be Collected systematic approach was undertaken to identify the most relevant dimensions and essential criteria in the development of the resulting driver assessment testing plan. The sleep questionnaire was constructed in close coordination with the Harvard Medical School Division of Sleep Medicine.
The selected relevant dimensions were executive function and cognition; visual perception; various visual-cognitive, physical, and psychomotor abilities; personality factors; sleeprelated factors; medicines and medical conditions; driving knowledge; and history. Executive function (EF) broadly encompasses a set of cognitive skills that are responsible for the planning, initiation, sequencing, and monitoring of complex goal-directed behavior (Royall et al. 2002) . The criteria used in selecting the testing instruments to measure each of these dimensions were comprehensiveness, evidence of predictive value, feasibility of administration, uniqueness, persistence, and feasibility of replication.
The driver assessments are intended to be administered in a 2-to 3-hour period that will, for the most part, occur simultaneously with vehicle instrumentation. A pilot test of the suite of driver assessments was conducted and, on the basis of the outcome of that pilot test, it is believed that they can be administered within that time frame. The current driver testing assessments are listed below.
Some instruments will be administered by trained personnel; other instruments include online questionnaires that can be filled in at the assessment site or later (e.g., within a week of installation). The first participant compensation payment will be made after all driver assessment activities, including filling in all questionnaires, have been completed. The assessments to be implemented are listed in Tables 3.1 to 3.7.
Data Acquisition System Variables
The DAS comprises three primary units: the head unit, the main unit, and the front radar assembly as illustrated in Figure 3. 2. Cabling will provide hard-wired connections between the head unit and main unit as well as a power source. Additionally, cabling will connect to the onboard diagnostic port (OBD II) so that specific vehicle network data can be obtained. Turn signals are collected from network data as available, or a cable connection will be established to capture turn-signal usage data. Note that the head unit is actually composed of two subassemblies: the rear camera and cellular antenna (General Packet Radio Service, GPRS), both located on the rear package shelf (or similar location in SUVs and minivans).
The head unit (Figure 3. 3) assembly holds three cameras that will capture video images as illustrated in Figure 3 .4. These image components include the forward roadway (upper left), driver face (upper right), and the pedals and instrument cluster interactions (lower left). The area behind and to the right of the subject vehicle (lower right) will be captured by a separate camera mounted on the rear of the cabin. Note that the face image is oriented at a 90-degree angle from the other images to maximize the efficiency of pixel allocation among all four images. That image and all images will be correctly oriented before any type of video analysis. Also, another camera, located in the head unit, will periodically take a still sor, incident button, illuminance sensor, inertial acceleration, and gyroscopic sensors will be incorporated into the head unit assembly. In determining which sensors could be the most valuable, an extensive review of the research questions was conducted. The outcome of that prioritization led to the chosen sensors. The selected sensors reflect the best combination of desirable data that can be obtained within the cost and engineering constraints of the project and that meet the highest-priority research questions.
The main unit (Figure 3 .5) is host to the computer functions of coordinating sensor nodes, communications (internally and via the cellular capability), and data storage on the hard drive (HD). It will have the capability of storing data on an onboard solid state HD for 4 to 6 months of typical driving. It will feature continuous asynchronous data collection. That is, each sensor or variable will be recorded at its native frequency and time-stamped with a real-time clock, without regard to the frequency at which any other data are being recorded. This is the most efficient approach to dealing with storage limitations. Vehicle network information is expected to be obtained from most of the vehicles for driver control interactions. For some makes and models, additional advanced technology variables are expected to be captured, such as the ABS, ESC, brake assist, traction control, etc. This feature requires OEM cooperation as described previously. Accelerometers will nominally collect X, Y, Z acceleration at 10 Hz, but these data will be continuously buffered at 500 Hz and saved at this higher rate under certain circumstances to provide higher-resolution acceleration information during a crash event. Yaw rate gyro will also be collected continuously at 10 Hz. image of the cabin. These still images will be used to determine the presence of passengers, and they will be irretrievably blurred to protect the anonymity of unconsented passengers. This assembly will be mounted to the right and rear of a participant's rearview mirror. The forward camera will capture a color image, and the remaining cameras will be low-cost, small-form-factor monochromatic cameras that are sensitive to infrared (IR) illumination (for low-light video capture).
The forward camera will collect color video to provide more comprehensive information about the forward or driver's view. Furthermore, for those researchers interested in traffic signal state detection, the color camera will provide the ability to conduct such research through a post hoc machine application or manual data analysis. Additionally, the alcohol sen-
The GPRS cellular antennae will be mounted in the rear of the cabin. Wide field of view (FOV) forward radar capable of assessing oncoming traffic will be small, lightweight, and mounted to the front license plate holder (Figure 3 .6). Radar data will be transmitted via Bluetooth wireless technology to the main unit and will capture data concerning the relative position and speed of multiple objects. Use of Bluetooth for this purpose alleviates the need of running cables through the vehicle's firewall to the main unit, thereby decreasing risk to the participant and saving valuable installation time and real costs associated with permanently altering a participant's vehicle. This is important because each S07 site must maintain an installation throughput rate of two vehicles per bay per day (i.e., where the largest sites have three installation bays and the smallest have a single installation bay).
DAS sensors and associated variables are listed in Table 3 .8.
Machine Vision Applications
Several machine-vision-based applications will be incorporated into the DAS, including a lane tracker, head position monitor, and driver identification software. There are criteria for what to include as resident software on the DAS, as opposed to that which can be applied to stored data post hoc. The video data are being stored in a compressed format, because there are insufficient resources to store it in its native resolution. However, several of the machine-vision-based applications require the full resolution video to perform as expected, so these must operate on the native video coming directly from the cameras before the information is stored on the DAS hard drive. On the other hand, every such application running in real time consumes limited storage and pro- Testing has shown that the lane-tracking algorithm has a high degree of accuracy when lane markings are clearly present and visible; however, the lane tracking functionality is unable to gather sufficient roadway data in conditions where snow or other occlusions are present in the roadway. The data available from the MV lane tracker will be useful in answering many questions about road departure, because it is anticipated that many road departures and unintentional lane departures will be captured during the SHRP 2 NDS.
The VTTI Mask Head Tracker also operates on the DAS so that it can operate on uncompressed video (Figure 3.7) . It is capable of identifying and distinguishing between a few general glance locations (e.g., forward roadway, mirrors, center stack) using software designed to find and determine characteristics of a person's face in an image, and track those characteristics through subsequent images collected with the face view camera. The mask generates a three-dimensional representation of a person's face using triangular surfaces to define the shape. The software and system operation will function in real time on the DAS using the raw video before compression.
A face recognition software solution is being sought that will permit researchers to automatically determine if a driver is a consented participant. Systems of this type are too processingintensive to operate in real time, so this type of processing and analysis will be done on a post hoc basis. Driver identification will rely on a biometric software application to provide automated face recognition of drivers on the basis of their unique facial characteristics. Face recognition software would substantially reduce reliance on a human data reductionist to open each trip file to perform visual verification of the participant.
Crash Investigation
Data from crash investigations provide an important complement and extension of the naturalistic driving data that will be collected as part of the NDS. While the data captured by the instrumented vehicle will be extensive, it is expected that they will not be a complete record of every detail of a crash, so the methodology recommended here is designed to collect the additional data needed in a way that is both feasible and effective. Data from the crash investigations should significantly enhance understanding of the actions, conditions, and behaviors that led to the crash. In addition, the comparison of crash investigation data, police accident reports (PARs), and DAS data will provide interesting insights into the reliability of these different sources of crash information.
Given that more than 1,000 crashes of all severity levels (as well as perhaps an order of magnitude more of number of near crashes) are expected during this study (see Table 3 .9), not all crashes recorded during the study are expected to be investigated because of several constraints, including cost and, since many crashes are expected to be minor, the lack of crash site information. Crash investigations will only be carried out for crashes that meet certain criteria of interest. Such criteria may be altered as the study proceeds, but they could include such factors as the following:
• Severity (e.g., airbag(s) deployed or injuries sustained);
• Crash type (e.g., intersection-related or lane change/ ran-off-road); • Driver age (e.g., teen driver or older driver); • Land use (e.g., rural versus urban); and • Advanced technology vehicle (e.g., equipped with crash warning/avoidance technology).
The rates based on the 100-Car Study (Dingus et al. 2006 ) (see the first data column in Table 3 .9) simply and directly extrapolate the crash rates observed in the 100-Car Study to the size and scope of the current study. These estimates were then modified on the basis of the ratio of the relatively high fatality rates for Washington, D.C. (the site of the 100-Car Study) and that of the United States overall (see the second data column in Table 3 .9). Fatal crashes were selected, since General Estimates System (GES) crash estimates are not available for a particular locality, such as the Washington, D.C., and northern Virginia area. According to Fatality Analysis Reporting System data, Washington, D.C., had a fatality rate of 29.15 per 100,000 registered vehicles in 2003 compared with the latest available national rate of 16.05 per 100,000 registered vehicles in 2006 (NHTSA 2010; NHTSA 2007) . This analysis assumes that the relative traffic fatality rates between Washington, D.C., and that of the United States overall can also be used to roughly approximate the relative crash and near-crash rates. The numbers in the third data column in Table 3 .9 are derived from GES and 2001 National Household Travel Survey (FHWA 2010) estimates.
Near crashes have been operationally defined by VTTI researchers (Dingus et al. 2006) as any circumstance that requires a rapid, evasive maneuver by the subject vehicle, or any other vehicle, pedestrian, cyclist, or animal to avoid a crash. A rapid, evasive maneuver is defined as steering, braking, accelerating, or any combination of control inputs that approaches the limits of the vehicle's capabilities. However, there is nothing prohibiting other researchers from defining the concept as they see fit.
In most cases, S06 personnel will be notified of a crash by the DAS via cellular communication channels. Included in the communications process will be key details about the crash, including a snippet of video covering the time just before and immediately after the crash. S06 personnel will then assess those data against the crash severity criteria bulleted above to determine if the crash event warrants further investigation.
If the crash is selected for further investigation, the S07 contractor will make an attempt to gather or retrieve the following information:
• DAS data.
• PAR (as available from participant or public records).
• Participant interview (using an instrument provided by the S06 contractor)-as soon as feasible postcrash to determine the following: ⅙ Predrive factors: ▪ Recent sleep patterns; ▪ Fatigue levels; ▪ Emotional states; and ▪ Stress levels. ⅙ Driving factors: ▪ Weather; ▪ Traffic; and ▪ Obstructions. ⅙ Crash factors.
• Aerial view (as available, for example, from Google Earth or Google Street View).
• Vehicle photos (can be taken by data retrieval technicians)-front, back, sides.
• 37 Crashes categorization (Najm et al. 2007 ).
Considering data privacy and IRB issues, the only people to be interviewed in all crash investigations will be the consented drivers (and possibly other consented passengers) participating in the SHRP 2 NDS. Note that all the crash data noted above can be gathered remotely or with already-existing personnel.
A detailed list of data elements to be collected has been selected to be consistent with common data elements in the National Center for Statistics and Analysis national crash data, either by adopting the structure or by structuring individual data elements so that they can be mapped into the national data. Investigations will include documentation and data collection as related to precrash driver assessment, interviews, the crash site, and vehicle examination (as available).
The type of precrash and postcrash assessment information to be collected will be similar to the recent National Motor Vehicle Crash Causation Survey (NMVCCS) conducted by NHTSA (2008) .
On the basis of the criteria of severity, type (e.g., run-offroad or intersection related), or some condition of uniqueness, the S06 contractor will notify the S07 contractor to dispatch an experienced investigator to visit the site within 48 hours (but not while police/emergency medical service [EMS] personnel are actively working the crash scene) to produce or retrieve the following additional information:
• A detailed description of the crash etiology;
• Crash site documentation and description (using software such as Easy Street Draw); • Crash-site photographs showing the approach to point of impact for each involved vehicle and looking back from the point of impact for each vehicle; and • Photos of physical evidence such as skid marks, gouges in the roadway or median, and impact points.
Crash-site investigation is expected to be conducted by experienced crash-site/scene investigators.
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Quality Goals and Objectives
The overall goal of SHRP 2 NDS data quality processes is to work within budgetary and scheduling constraints to obtain the most complete and highest-quality data set possible. More detailed quality objectives include gathering data from a highquality sample, gathering the full complement of data expected, gathering intended data efficiently, storing intended data securely, and maintaining data privacy and security.
The specific data quality processes have a threefold purpose, as follows:
1. To identify and preclude or reduce errors at their source; 2. To identify DAS system failures to initiate prompt maintenance actions during data collection; and 3. To mitigate the effects of data collection errors by assuring that the data entering the database are as high-quality as possible.
To implement the deceptively simple quality policy noted above, it will take the efforts of many individuals representing at least the following entities: S06 contractor's personnel, S07 contractors' personnel, DAS manufacturer(s), and the participants.
Quality Activities: DAS Installation and Deinstallation Processes
It is important to ensure the required throughput (an average of two installations per day per bay) and quality in DAS installations. Training is the quality assurance process that will be used to ensure that DASs are installed in a timely and high-quality manner. All DAS installers will be trained at VTTI facilities by experienced personnel to make sure they have the ability to maintain such a schedule. DAS units must be installed without permanent destruction or defacing of the participant's vehicle in any way. Once the DAS is fully installed, its functionality will be verified with VTTI-provided custom software on the installer's laptop computer (also provided and imaged by VTTI), and the installation is not considered complete until this verification has been accomplished.
There are two other key aspects for ensuring a high-quality installation: the design of the DAS and the installation panel and lasers. The DAS is designed to minimize the chances of misinstallation because it can only be installed in the correct way. In addition, VTTI engineers have devised sophisticated yet easy-to-implement alignment protocols and laser hardware to ensure correct DAS installation (see Figure 4 .1).
Health Check
The DAS is equipped with cellular communications technology facilitating the automatic health check. This is a process whereby the DAS will automatically send a small batch of key data back to S06 servers. Automated algorithms will be applied to this batch of data to detect potential problems with DAS functionality.
The health checks will be generated and sent to the communications server at VTTI on a weekly basis starting on the day of installation of the DAS unit, unless some subsystem failure warrants immediate action. As a message is received by the VTTI server, it will be added to the database of stored health checks. A formula will be applied to each of the subsystems to determine whether the system should be considered functional (good) or whether it requires further attention. For all health checks classified as "bad" by the server process looking at communications, an issue will be immediately and automatically generated in the issue tracking software, Request Tracker (RT). The issue will then make its way through the triage process until it is fully resolved.
Training
Training is a key responsibility of the S06 contractor to facilitate quality and consistency in S07 processes.
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Training for Site Contractors
Training programs and materials will be administered to the S07 contractors. Training sessions must be conducted for DAS installers, driver assessment administrators, and others handling participant data. Also, all designated project personnel must be IRB certified. As the project is likely to experience attrition, a train-the-trainer approach will be employed. The initial set of trainees will travel to the S06 facility for a training session. DAS installers will undergo a 3-day training session, and assessment researchers will undergo a single day of training. Data handling will require a relatively small amount of training and will be incorporated within the DAS installation training sessions. Subsequently, SHRP 2 and S06 personnel will travel to the S07 sites to make certain that their facilities are suitable and procedures are consistently being applied. For each element of the training program, training criteria will be established for the individuals involved and the S07 site as a whole to determine whether training has been successful and what remediation is prescribed if the training has not met the criteria of success.
Participant Processing and Assessment Training
Participant processing and assessment will be done consistently across S07 sites. Participant processing starts from the time the participant arrives at the S07 site and continues until the time that the instrumented vehicle is returned to him/her. It covers such requirements as the initial stages of the consent process (including reviewing and signing the consent form and other documents) and setting up the participant payment schedule described in Chapter 2. Driver assessment data must be collected using a consistent set of tools and protocols to avoid introducing additional variance into the data. Specific protocols regarding how to properly administer each of the driver assessments (and the entire experimental flow from one assessment to another, including suggested breaks and data-recording techniques) will be included in the training program. This training program will be primarily classroom based, with some hands-on use of the test equipment.
DAS Installation Training
In terms of installation throughput, each S07 contractor must maintain installation throughput in accordance with the predetermined schedule (e.g., two vehicle instrumentations per work day per 150 DASs managed). DAS data quality relies on a correct installation. Also, installation must be accomplished in a manner that leaves the vehicle in a state where the participant feels comfortable with the aesthetics, and where it can eventually be returned to its preinstall condition. Training materials and a generalized training program instructing technicians how to install the DAS into a vehicle will be developed by the S06 contractor. The training program will include classroom, as well as hands-on, training in the garage. In addition, specific wiring diagrams and installation procedures will be prepared for some vehicles in the fleet. A wiki site will also be available for the sharing of lessons learned to facilitate ease and consistency of installations.
Data-Handling Training
Although the data-handling process will be automated to the greatest degree feasible, there are specific steps that the S07 contractors must accomplish. S07 technicians will be trained on how to remove the hard drive from the DAS, replace the DAS with a new/refurbished hard drive, test the DAS functioning in the field, and use the hard drive bays to upload data to the staging server that will then automatically upload data to the S06 contractor servers. The S07 technicians will be trained on how to insert the hard drive into the reader, how to know when it is finished being processed, and how to determine when the hard drive can be put back into rotation for future use in the field. The training program will include classroom as well as hands-on training.
Institutional Review Board Training
Each individual who interacts with a human participant, or may come into contact with personal information or items belonging to a participant, must provide evidence of successful completion of standard IRB training. This would apply to experimenters performing driver assessments, managers, and DAS installers as well as crash investigators who may have contact with participants. The S06 contractor will not provide this training but will provide recommended, low-or no- cost sources for this type of training. However, some specific instruction regarding IRB issues relating specifically to naturalistic data collection will be developed and given to both the S07 DAS technicians and the S07 participant processors.
Site Contractor Inspections
During the study, with a heavy emphasis on the early stages for establishment of conformity and integrity, the S06 contractor will visit each S07 facility to assess the following areas:
• Observation of full DAS installation to verify installation/ calibration integrity.
• Observation of participant assessments, where such would not affect or disrupt the assessments.
• Observation of S07 contractors' activities to ⅙ Note any S07 contractor-specific anomalies; ⅙ Determine protocol compliance; ⅙ Determine ability to continue operation per protocol requirements; ⅙ Identify issues or problem areas that require corrective actions; ⅙ Provide feedback to S07 contractors regarding performance; and ⅙ Seek input regarding any areas that the S07 contractors feel the S06 contractor could improve to enhance operational quality and efficiency.
The S06 contractor will periodically produce a report summarizing the results of these observations.
Continual Project Assessment
Mission Control Software (MCS) will allow S06 and S07 managers to track study progress in a variety of ways (e.g., DAS inventory management, participant/vehicle information, and recruitment summaries). The workflow processes of participant intake and DAS tracking will provide the data reflected in the MCS application. More detailed information will be viewable for each individual participant or logically aggregated group (e.g., by S07 site). This additional information includes at least the following:
• Where each DAS is located (e.g., in vehicle A, or at site B, or en route to site C).
• How many of those participants with a DAS installed in their vehicles have completed assessments.
• Data gathered to date in terms of miles, hours, aggregate months installed, and so forth.
• Participant progress by age group-can be viewed per S07 site or overall. Shows the number of participants at each stage in the process.
• Data collection progress by age group-can be viewed per S07 site or overall.
• Data collection progress compared to plan.
• DAS kit inventory types by S07 site.
• HD status.
• Variable costs compared to planned expenditures.
• Participants installed compared with goals by ⅙ Age group; ⅙ Gender; ⅙ 12 or 24 months; and ⅙ Advanced vehicle.
Intraproject Communication
Standing Meetings
The management plan will entail, at a minimum, routinely scheduled standing 30-to 60-minute conference calls hosted by S06 and including S07 managers. The frequency of these meetings can be adjusted up or down as the project moves forward. Topics will include, at a minimum, communication from the S06 manager on overall study issues and status as well as the same from each S07 manager, and action item assignment and follow-up.
Critical Issues Committee
A daily meeting time will be established where a critical issues committee can be quickly and reliably pulled together to address critical issues, which may include unexpected or abnormal situations that pose a risk to either an individual or group of participants, an individual or group of datacollection sites, or the study in its entirety. This team will be composed of principal members of the S06 contractor and TRB staff. In cases where it may be relevant, an individual or group of S07 site contractors may also be invited, although it is not expected that the site contractors will routinely be required for this meeting. Critical issues committee meetings will only be called to order when there is a critical issue that requires the committee's attention. However, the time slot should be kept available, as often as possible, in the event it is required. Also, only committee members who need to address the issue at hand will be required to attend. A process will be used to determine whether or not to convene a Critical Issues Committee meeting and whom to invite (Figure 4 .2).
Issue-Tracking Software
The issue-tracking software, Request Tracker (RT), will be in place for the NDS. This is necessary to successfully and consistently manage issues that arise during the course of the study. The key elements are the ability to track, assign, and report on issues that otherwise may be lost in formats not easily or systematically tracked, such as e-mail, phone calls, and messages, or Post-it notes. Issues can be created by any authorized user (e.g., TRB staff, S06 and S07 personnel), and every issue will be assigned to an appropriate individual to resolve in a timely manner. Issue status will be tracked throughout its life cycle from creation through resolution. Via this approach, reports can be generated on issues by any combination of elements, such as S07 site, issue category (e.g., DAS hardware problem), participant, issue status, and creation date. It is anticipated that the issue tracker will also yield valuable experience that can be used to populate a knowledge base or wiki that will be available to and beneficial to all project personnel.
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Anomalous situation comes to attention of S06 oversight contractor 
Human Subjects Protection
Federal regulations and good research practice call for protection of persons who participate in research studies ("human subjects"). The Office for Human Research Protections (OHRP) in the U.S. Department of Health and Human Services (HHS) provides leadership in the protection of the rights, welfare, and well-being of subjects involved in research. OHRP does this by providing clarification and guidance, developing educational programs and materials, maintaining regulatory oversight, and providing advice on ethical and regulatory issues in biomedical and behavioral research. These protective policies are enforced at the local level by an organization's institutional review board (IRB), an entity required by federal regulations. Of paramount concern in the design of the SHRP 2 NDS was the need to maintain close coordination with nearly all of the other project tasks, as virtually all tasks have some impact on the safety or privacy of the participants or their data. Key issues include protection of participant confidentiality, protection of unconsented passengers (e.g., no continuous audio recording can be employed since it may capture the conversations of unconsented passengers), informed consent (and assent/parental consent for minor participants), protection of potentially identifying information (e.g., face video and geospatial identifying data), and the continued protection of participant confidentiality once the data are stored in a database for post hoc analyses.
Institutional Review Boards and Certificate of Confidentiality
Human subjects protection in the SHRP 2 NDS will be ensured by the review and approval of eight separate IRBs: those of the S06 contractor, the six S07 contractors, and the National Academy of Sciences (NAS). To prepare as well as possible for the human subjects protection review expected in the fullscale field study, the protocols for the S05 pilot studies underwent the full board review process at Virginia Tech (VT). This allowed a wider range of reviewers to see the complete protocol and raise human-participant concerns and issues prior to running the NDS. The combination of full board review at VT and full board review at NAS resulted in a very robust protocol that serves as a good starting point for the NDS.
Additionally, a Certificate of Confidentiality (CC) was secured from the National Institutes of Health (NIH) for the S05 pilot study. A CC helps researchers protect the privacy of subjects in biomedical, behavioral, clinical, or other research projects against compulsory legal demands (e.g., court orders and subpoenas) that seek the names or other identifying characteristics of a research subject. The CC covers the collection of sensitive research information for a defined time period (the term of the project); however, personally identifiable information obtained about subjects enrolled while the CC is in effect is protected in perpetuity. A CC will also be requested for the full-scale NDS. On the basis of the approval of the S05 CC, a timely approval for the SHRP 2 NDS CC is anticipated.
Upon NDS inception, one of the first sets of tasks relates to securing the IRB approvals from the S06 IRB, the NAS IRB, and each S07 IRB before proceeding with any and all aspects of the research involving human participants. Similarly, all S06 and S07 project personnel who will interact with participants or their data must certify that they have passed an approved IRB course or a course on protecting human participants.
Each individual site contractor (except any that have chosen to formally rely on the VT IRB) will have to receive approval from its own IRB on the basis of the research protocol and participant-consent documents approved by the VT IRB. It is likely that modifications to the standard set of documents to meet local needs will be reviewed, but these are not expected to fundamentally change. IRB-related submission materials were shared with the various stakeholder IRB personnel early in the process, including during a meeting of these stakeholders in Washington, D.C., in the summer of 2009. IRB approval
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Collection Process from Vehicle to Server
The data collected during the NDS will include participantidentifying data and other sensitive personal information that must be protected. Consequently, every effort will be taken to protect all data from unauthorized access. The video data will be encrypted on the DAS and will remain encrypted until the data transfer process to the S06 server has been successfully completed. Once data quality processes have been applied, the video data will be reencrypted for storage. The data collection process is illustrated at a high level in Figure 5 .1.
The hard drive on the DAS has a single copy of the data. As those data are transferred to the S07 server, they are replicated and stored on an array of HDs configured in a RAID (Redundant Array of Independent Disks). The RAID configurations on the S07 and S06 servers allow system administrators to completely restore a full copy of the data in the event of an HD failure on the server. Furthermore, once the data have been successfully transferred to the S06 site, an additional copy of the data will be stored for archival purposes.
Data will be encrypted onboard the DAS by way of Advanced Encryption Standard (128-or 256-bit AES) symmetric encryption. The key used for the encryption will be randomly generated for each trip, and that key is encrypted using the Rivest, Shamir, Adleman (RSA) public key of a public/private key pair. The encrypted key file is stored with the same naming convention alongside the encrypted data and video files. This scenario provides the security of having a private key that will not be onboard the system, while allowing the data and video to be encrypted with the much faster symmetric encryption. 
DAS
Data Processing
Data Upload to Data Storage Server
When uploading the data from the S07 staging server to the S06 server, checksum analyses will be performed to ensure the integrity of the uploaded file. After uploading the data to the S06 database and decrypting, multiple quality checks will be done for each trip. These will be similar to but more sophisticated than those done during the routine health checks. Specifically, due to the amount of data and its contiguous nature (i.e., each trip file should begin at or near the same GPS coordinates where the previous trip file ended), more sophisticated comparisons between variables can be made to isolate potential problems within a trip. Analyses will also be conducted to compare trips to ensure that data are not being lost. For example, is the GPS location at the beginning of a trip the same location as the end of the previous trip? When a problem has been identified by the data-quality algorithms, any questionable data will be marked as such. At a minimum, the annotation will include a start sync, end sync, and metadata describing the test the variable failed. As resources are available, fixes may be applied to the data where such is possible (e.g., where it can be determined that a particular sensor was generating data that were off by a known constant value). S06 quality personnel will review the problems to try to determine the root cause (i.e., on the DAS or otherwise). The S06 contractor may need to work with the individual S07 contractor to isolate the problem and determine the best course of corrective action. Quality personnel will also conduct random spot checks by remotely requesting data snippets. Note that any additional processing required to get the data into a format to answer specific research questions is outside the scope of the current S06 project. However, it is believed that providing access to these data to researchers early on is paramount to the success of this project because it lets stakeholders at all levels begin to see results and the value of the project early on, without waiting for all data to be collected some 28 months later.
Data Acquisition System Data Processing
The purpose of the data processing is to get the highestquality data as is feasible in the database and in a form usable by researchers. Several processes will be performed once the data arrive at the S06 server.
Backups
The data will be housed at the VT Data Center. RAID 6 protection is also employed at this facility to guard against loss of data due to server failure. Archival backups of the data will be stored at a different physical location.
Trip Summary Data
Summary data will be extracted for each trip. These data include mileage driven, duration, start time, average speed, maximum speed, number of stationary epochs, maximum deceleration, driver identification (where possible), etc. This summary will help with quality processes, and it will provide a useful first look at the data for researchers.
Data Standardization
Data will be standardized into common formats. Because data are being collected on different vehicle makes, models, and countries of origin, it is possible that the DAS may collect data from a single sensor with different units, scales, axes, sample rates, or coding. It will be important to transform the data into standard units to assist researchers when they attempt to analyze the data across vehicles. This is also important if any algorithms are to be applied across the entire fleet consistently. The raw data will also be stored in the event that any researcher ever wants to review or analyze them. Also, some of the vehicle models (e.g., those equipped with LDW systems) may generate higher-resolution data (i.e., in time or the measured dimension) than others. Using steering information as an example, this higher-frequency data would be of great interest to researchers looking at steering reversals to investigate workload, drowsiness, steering entropy, or the performance of the onboard LDW.
Expected Data Magnitude
Data that are staged on S07 servers and then transferred to the central S06 data server could often exceed 100Mbps. This requires the use of high-performance research-caliber networks, such as Internet2 or National Lambda Rail. With almost 2,000 DAS units simultaneously collecting video and other sensor data for 2 years each, as well as a projected data life span of up to 30 years, the magnitude of data storage and criticality of adequate infrastructure cannot be overstated. Specifically, the NDS database will house information from several sources, including video and sensor trip data, crash data, health check (i.e., system) data, management information (i.e., inventory data and participant enrollment data), participant demographic and assessment data, vehicle inventory data, and analysis data (i.e., aggregated or reduced), as well as other external sources such as PARs, GIS, weather data, maps, and roadway information. In total, it is anticipated that 2 years of data collection will create a volume of approximately 1 petabyte of data comprising approximately 60-80 million miles and approximately 1.5 to 1.7 million hours of driving data (i.e., a data volume that would require approximately the storage capacity of one million 1-gigabyte USB flash drives). To characterize this volume of data in a different context, it would take approximately 70 million copies of the King James Version of the Bible to fill 1 petabyte of storage capacity.
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The primary data-sharing concern will be to ensure that the consent form language clearly states the conditions under which the data may be shared after the study is complete. The language should spell out whether the data to be shared will be identifiable and the conditions for each type of data sharing. Data-sharing agreements may be needed for identifiable data but will likely not be needed for de-identified data that are publicly available. However, some form of IRB approval may still be required for all data access. The terms of this data access are still being determined as of this report date.
Data Dictionaries
To assist all researchers, data dictionaries are being developed that will identify each data item (or data stream) collected during the study. These data dictionaries include operational definitions as well as database references. These may be especially helpful for those not involved in the original data collection. Additionally, it is anticipated that custom data dictionaries will be necessary to support data located through researchspecific queries. Specifically, if new operational definitions are used to develop new variables, the definition and the approach must be documented both for the original researchers looking at these data and for future researchers.
Role-Based Access
The ability to provide scalable user access control to the combined data sets that will be collected and generated in the course of the study is governed by a role-based security protocol and is dependent on the researcher requesting the data successfully obtaining IRB approval. Role-based security protocols authorize access to data elements based upon explicit security roles that users may be granted. Without any assigned roles, the default authorization granted to users who successfully "authenticate" (successfully log in) is to deny access to any secured data.
Role-based security has successfully demonstrated its ability to cover a range of access requirements. Different roles can be defined to have different security access as appropriate. Security can be defined in terms of row-level access (e.g., where a user has access to all the data within a given region), column-level access (e.g., where a user may have access to all the data except GPS location information), or a combination of the two (e.g., cell-level access where a user may have access to GPS location data within a specified region). It should be noted that this security protocol provides protection to both database and file-based (e.g., video) data, as illustrated in Figure 6 .1.
Required Software
It is generally expected that most external access will be provided through a website or web service. However, provisions will be in place to allow qualified users to obtain their access via direct file server or database server access using the rolebased access described previously. For example, in these cases, remote users may be able to obtain access through the use of typical Virtual Private Network (VPN) technologies. Using a role-based approach as defined accommodates and supports the use of a website/service to provide general data access. As such, commercially available data analysis tools (e.g., SAS and Matlab) can be used by researchers interested in conducting analysis on the data. A shareware-based Community Viewer will be provided also, but no specialized proprietary software will be required.
Coordination and Linking with Roadway Information
SHRP 2 Safety Project S04A, Roadway Information Database Development and Technical Coordination and Quality Assurance of the Mobile Data Collection Project, and Safety Project S04B, Mobile Data Collection, will provide valuable roadway-
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Data Provisioning based data describing in detail sections of roadway traveled by the instrumented vehicles included in the NDS. Roadway data will be extracted from existing inventory databases maintained by state and local transportation departments and supplemented with other inventory data collected by highly instrumented on-road data collection vans. Successful integration of these two data sets will support many research questions that involve the interaction between the driver, the vehicle, and the roadway and appurtenances. Recognizing that these two efforts will be executed somewhat independently but simultaneously, actions have been taken in advance to ensure that integration of these data sets will be possible and feasible so as to support the desired research.
Roadway inventory data in currently existing files are generally specified using a zero point; subsequent stations are measured in length along the traveled roadway path from this zero point. Vehicle data are generally located geographically using latitude, longitude, and sometimes elevation, collected throughout a vehicle trip. Roadway inventory data collected by instrumented vans can be located in either fashion-either as a distance from a zero point or geographically. Integration of these data will require transformation of one or both types of data to determine at what position in the roadway data the vehicle is during travel on a measured roadway. Communication between S03 contractors and NDS contractors has been conducted to determine what will be required to make these transformations and what adjustments may be required during data collection to support these transformations. A GPS measure would be required at each zero point but, though valuable, it may not be required at subsequent stations. GPS data can be used to identify when the vehicle passes a zero point, and then vehicle speed and time data could be integrated to estimate when the vehicle passes subsequent stations. The degree of accuracy of candidate approaches will be evaluated as they are identified. Collection of roadway data will not be feasible on all roadways on which NDS participant vehicles travel. To prioritize the measurement of roadway segments, NDS data will be processed regularly to identify roadway segments that are traveled frequently by more than one participant in the NDS effort. In this way, segments that can provide replications to support research will be identified and provided to the S04 contractors to guide collection. On the basis of investigation of previous naturalistic data collections (Dingus et al. 2006) , these high-frequency locations are generally coincident with high-volume corridors within a study area and places of ingress and egress to these corridors and also highways. The accumulating actual naturalistic data will be used to narrow these general rules to determine the specific segments traveled frequently by several participants.
This final report provides a summary of the key areas of the plan that has been developed in support of the SHRP 2 NDS that focuses on Safety Project S06 (Technical Coordination and Independent Quality Assurance for Field Study) and Safety Project S07 (In-Vehicle Driving Behavior Field Study).
Preventing or reducing the severity of highway crashes by understanding driver behavior is important to the nation's economic system and quality of life. The SHRP 2 NDS promises to yield high payoffs in the safety arena, both during the life of the current project and for many years after it is completed, as it facilitates the answering of many of the key research questions identified in the early phases of the project. By understanding how risk factors influence safety on our roadways, innovative countermeasures can be employed to improve our ability to design and build safer roadways and vehicles, navigate environmental conditions, and teach future driving generations how to use safer driving practices. The SHRP 2 NDS will contribute to these ends by generating a wealth of naturalistic driving data-on the order of approximately 60 to 80 million miles and approximately 1.5 to 1.7 million hours of driving data originating from six different regions around the continental United States. During the course of the study, it is expected that detailed information about approximately 1,000 crashes of all severity levels, many of them serious, will be captured. In addition, it is also expected that an order of magnitude more near crashes will be detected and recorded. The naturalistic method is the only way to consistently record the details of many crashes. It is also the only method that allows identification and detailed examination of near crashes. Finally, it provides the exposure data by which metrics of relative risk can be estimated.
This undertaking is ambitious; however, this S05 project has developed a comprehensive study design addressing the data collection system as well as the project management and quality plans to successfully address the challenges of this important national safety program.
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Conclusions
